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CHAPTER ONE: GENERAL INTRODUCTION 
Native prairie has been converted to agricultural production of mainly com and 
soybeans. The Midwest USA has experienced dramatic habitat loss since European 
settlement. Less than 0.01 % of presettlement prairie remains in Iowa (Samson & Knopf 
1994; Smith 1998). The remaining prairie remnants are generally small in size and dusted 
across the landscape. As a consequence of this habitat fragmentation, large-scale natural 
processes such as fire that historically maintained prairie ecosystems have been eliminated 
(Saunders et al. 1991 ). 
In the landscape there are primarily two shapes of prairie remnants: linear and block. 
Block habitats are mainly state prairie preserves which are actively managed by the county 
officials with fire but vary in the extent and frequency of burning among prairies. Linear 
habitats exist along roadsides, railroad rights-of-way and former rails that have been 
converted to walking trails. Linear habitats are generally not actively managed, with the 
exception of the trails. There is some call for concern over the impact of herbicide spraying 
and continued habitat destruction of roadside prairies through road construction projects. 
Linear habitats are thought to be more disturbed by invasive species and physical alteration, 
due to the higher perimeter to area ratio compared with block habitats and therefore harbor 
more species that are tolerant of the disturbance. On the other hand, linear habitats are 
adjacent to a greater variety of habitats because of their elongated shape and therefore may 
experience mass effects (Shmida & Wilson 1985; Auerbach & Shmida 1987; Kunin 1998) 
from adjacent habitats. Mass effect is defined by Shmida & Wilson as the "establishment of 
species in sites where they cannot be self-maintaining" (1985). Given this scenario, linear 
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and block prairies may have different diversities because of the different rates of disturbance 
and impacts from the surrounding landscape. 
Butterflies are often considered indicators of habitat quality because they are 
intimately tied to their larval and nectar resources needed for reproduction and survival. 
Pollination is an ecosystem service essential to the economic health of many regions. For 
example, about 150 crop species in the USA are pollinated by wild bees and butterflies with 
the value of these services estimated at $ 20-50 billion (Allen-Wardell et al., 1998). 
Pollination services for grasslands, such as those in the Midwestern USA, are valued at about 
$100 billion worldwide (Costanza et al., 1997). In addition to economic services, pollinators 
are essential to preserving the plant diversity of tallgrass prairie because 70-80% of the 
species are dependent on bees and butterflies for completion of their reproductive cycle 
(Buchmann and Nabhan, 1996). 
Although local environmental variables and their impacts on butterflies have been 
investigated extensively, there are few data to show what landscape scale features affect 
butterfly diversity. Local environmental variables include patch scale factors such as percent 
coverage of the vegetation, vegetation structure and amount of resources for larval and adult 
butterflies. European researchers have started to ask questions about what spatial scale may 
be impacting butterflies, but these questions remain uninvestigated in the United States. The 
configuration and composition of the resources and features in the surrounding landscape are 
factors that should be considered. 
I examined butterfly responses to linear and block habitats in order to better 
understand the conservation value of these most common types of remnants. I also looked at 
local environmental variables and their ability to explain butterfly responses within linear and 
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block habitats. Although it already is known what local variables influence butterfly 
diversity, it was necessary to gather local environmental data at our sites in order to compare 
butterfly responses at landscape scales. I could then ask whether or not knowing additional 
information about the landscape structure could improve the understanding of butterfly 
responses at the local sampling scale. 
This research contributes to a better understanding of local and landscape effects on 
linear and block shaped habitat. I give conservation and management recommendations at 
the local and landscape scale which have the potential to increase butterfly diversity at prairie 
remnants. I provide evidence in favor of formal protection and sustainability of linear strip 
prairie habitats because they harbor a diverse array of butterfly species. 
Thesis organization 
This thesis is composed of four chapters. Chapter one is a general introduction of the 
motivation behind my thesis research. Chapter two is a paper written and formatted for 
submission to Landscape Ecology. It examines the local and landscape effects on butterfly 
diversity in linear and block habitats and the influence of spatial configuration and 
composition of floral resources and landscape elements at multiple spatial scales. Chapter 
three is a paper written and formatted for submission to Ecological Entomology. It examines 
the differences in butterfly responses to linear versus block habitats as a function of local 
environmental variables. We intend to combine this with a thesis chapter by our colleagues 
at the University of Iowa who are analyzing and providing results of their similar research on 
bee diversity. The last chapter contains a general conclusion of my research and its 
implications to butterfly conservation in the tallgrass prairie ecosystem. There are two 
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appendices at the end of the thesis. The first appendix describes the location of the study 
sites. The second appendix contains additional statistical results from Chapter two. 
Jessica D. Davis Skibbe is a graduate student in the interdepartmental program, 
Ecology and Evolutionary Biology and conducted the data collection, statistical analysis and 
preparation of this text. Dr. Diane M. Debinski is an associate professor in the Department 
of Ecology, Evolution and Organismal Biology and provided guidance throughout the 
research process and editorial advice for this thesis. 
References 
Allen-Wardell, G., Bernhardt, P., Bitner, R., Burquez, A., Buchmann, S., Cane, J., Cox, P., 
Dalton, V., Feinsinger, P., Ingram, M., Inouye, D., Jones, C., Kennedy, K., Kevan, P., 
Koopowitz, H., Medellin, R., Medellin-Morales, S., Nabhan, G., Pavlik, B., 
Tepedino, V., Torchio, P. & Walker, S. (1998) The potential consequences of 
pollinator declines on the conservation of biodiversity and stability of food crop 
yields. Conservation Biology 12: 8-17. 
Auerbach M. & Shmida A. (1987) Spatial scale and the determinants of plant species 
richness. Trends in Ecology and Evolution 2: 238-242. 
Buchmann, S.L & Nabhan, G.P. (1996) The Forgotten Pollinators. Shearwater Books, 
Washington D.C., USA. 
Costanza, R., d'Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., 
Naeem, S., O'Neill, R.V., Paruelo, J., Raskin, R.G., Sutton, P. & van den Belt, M. 
(1997). The value of the world's ecosystem services and natural capital. Nature 387: 
253-260. 
5 
Kunin W.E. (1998) Biodiversity at the edge: a test of the importance of spatial "mass effects" 
in the Rothamsted Park Grass experiments. Proceedings of the National Academy of 
Science 95: 207-212. 
Samson F. & KnopfF. (1994) Prairie conservation in North America. BioScience 44: 418-
421. 
Saunders D.A., Hobbs R.J. & Margules C.R. (1991) Biological consequences of ecosystem 
fragmentation: a review. Conservation Biology 5: 19-32. 
Shmida A. & Wilson M.V. (1985) Biological determinants of species diversity. Journal of 
Biogeography 1: 1-20. 
Smith D.D. (1998) Iowa prairie: original extent and loss, preservation and recovery attempts. 
Journal of the Iowa Academy of Science 105: 94-108. 
6 
CHAPTER TWO: LOCAL AND LANDSCAPE EFFECTS ON BUTTERFLY 
DIVERSITY IN FRAGMENTED HABITATS 
A paper to be submitted to Landscape Ecology 
Jessica D. Davis Skibbe and Diane M. Debinski 
Department of Ecology, Evolution and Organismal Biology, Iowa State University, Ames, Iowa 500 I 1 USA 
Abstract 
The fragmented landscape of the Midwest USA creates prairie pieces embedded in an 
inhospitable matrix, potentially impermeable to dispersing individuals. We studied the 
butterfly community in prairie remnants to answer three questions: 1) How do configuration 
and composition of landscape elements of differing diversity of floral resources affect 
butterfly diversity at point locations in the landscape? 2) Which of five spatial scales, ranging 
from local to 0.5-2 km radius around a site (landscape) predict point-level butterfly diversity? 
and 3) How do landscape elements affect butterflies in linear habitats compared to block 
habitats? Butterflies and local vegetation characteristics were sampled and homogeneous 
patches were digitized within a 2 km radius surrounding each site. Data for each patch in the 
landscape included element type and a measure of floral diversity. Results from partial least 
squares regression suggest there are indeed effects of the landscape on butterflies at all scales 
investigated (local; 0.5, 1.0, 1.5, and 2.0 km). The local variable that was most highly 
correlated with butterfly community response was litter while roads were the most important 
landscape variable at all spatial scales. Variance partitioning using partial canonical 
correspondence analysis indicated that landscape variables at all spatial scales add additional 
I 
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explanatory power beyond local variables with little overlap in percentage of variation 
explained. 
Key Words: butterflies, conservation, floral resources, habitat fragmentation, partial least 
squares regression, prairie, spatial scaling, variance partitioning. 
Introduction 
Understanding the landscape ecology of fragmented systems is essential to 
conservation of the flora and fauna in habitat fragments (Fahrig and Merriam 1994). Many 
landscape scale studies have focused on vertebrates and specifically avian communities 
(Mazerolle and Villard 1999), but few have investigated the role of floral resources in the 
landscape on invertebrates in a highly fragmented landscape. The quality of the matrix 
surrounding a habitat fragment has impacts on a species' dispersal ability, edge effects, 
permeability, and isolation (Ricketts 2001). In addition, different species or groups of 
species perceive the landscape and respond to different landscape features and scales 
depending on their requirements, sensitivity to disturbance and dispersal abilities (Lord and 
Norton 1990). 
In the Great Plains, the destruction and fragmentation of the tallgrass prairie biome 
has been particularly severe with over 99% destroyed in most states as a result of conversion 
to agriculture (Samson and Knopf 1994). Today, all that remains are a few small, protected 
preserves and numerous even smaller, unprotected remnants along undisturbed railroad right-
of-ways and undeveloped roadsides. Recently, many small-scale (in terms of hectares) 
prairie restorations have been created by private individuals and state and federal government 
agencies, especially along roadsides and riparian buffers. Plantings can affect the local 
butterfly communities (e.g., Ries et al. 2001; Reeder et al. 2005), but the total ecological 
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effects of these small-scale restorations to pollinators has not been thoroughly quantified. 
Studies indicate that reproduction of native plant species is often reduced in small 
populations in remnants created by habitat destruction and fragmentation (Hendrix and Kyhl 
2000). These and other studies (Jennersten and Nilsson 1993; Aizen and Feinsinger 1994) 
lead to the obvious conclusion that pollinator abundance and diversity in the Midwest has 
declined substantially as the fragmentation process has proceeded. 
Relatively little is known about the factors that control diversity of butterflies at 
remnants in the landscape, although it is likely that the spatial scale at which these factors 
function will be greater than the size of the remnants themselves. The distribution, structure, 
organization, pattern and amounts of different landscape elements (roads, pasture, 
agricultural fields, etc.) will likely influence the diversity of butterflies at remnants in a 
spatially heterogeneous matrix. Butterflies forage widely and studies from other regions 
(Debinski et al. 2001) indicate that the distribution and amounts of different landscape 
elements will likely be important in affecting the total number of pollinator species at the 
local scale. From the perspective of managing pollinator services, understanding which local 
environmental variables and landscape elements affect small scale diversity of pollinators in 
fragmented landscapes is critical to sustaining pollinator diversity (Saunders et al. 1991 ). 
Local habitat variables have been shown to affect butterflies at relatively small spatial 
scales. Environmental variables affecting butterfly diversity include floral or nectar 
abundance (Feber et al. 1996; Steffan-Dewenter and Tscharntke 1997; Clausen et al. 2001; 
Pywell et al. 2004), width of non-crop habitat (Dover 1996; Clausen et al. 2001; Reeder et al. 
2005), shelter (Dover 1996; Dover et al. 1997; Pywell et al. 2004), larval host plant presence 
(Pywell et al. 2004), habitat quality (Kuussaari et al. 1996; Haddad and Baum 1999; Baguette 
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et al. 2000; Shahabuddin et al. 2000; Steffan-Dewenter and Tscharntke 2000; Clausen et al. 
2001; Schneider and Fry 2001; Cabeza 2003; Collinge et al. 2003; Jeanneret et al. 2003; 
Schneider et al. 2003), and adjacent land use (Sparks and Parish 1995). 
Landscape features such as connectivity (Hill 1995; Haddad 1999a; Haddad 1999b; 
Haddad and Baum 1999; Chardon et al. 2003; Haddad et al. 2003; Matter et al. 2003; 
Sutcliffe et al. 2003 ), habitat patch size (Thomas et al. 1992; Thomas and Harrison 1992; 
Thomas and Jones 1993; Hill et al. 1996; Kuussaari et al. 1996; Dennis and Shreeve 1997; 
Haddad 1999a; Ricklefs and Lovette 1999; Tscharntke et al. 2002; Baguette et al. 2000; 
Shahabuddin et al. 2000; Steffan-Dewenter and Tscharntke 2000; Bergman and Landin 2001; 
Debinski et al. 2001; Krauss et al. 2003 ), isolation (Thomas et al. 1992; Thomas and 
Harrison 1992; Thomas and Jones 1993; Hill et al. 1996; Kuussaari et al. 1996; Baguette et 
al. 2000; Bergman and Landin 2001; Clausen et al. 2001; Ricketts 2001; Donaldson et al. 
2002; Sawchik et al. 2003), edge permeability (Haddad 1999a; Haddad and Baum 1999; 
Debinski et al. 2001; Ries and Debinski 2001; Schultz and Crone 2001; Merckx et al. 2003 ), 
and landscape heterogeneity (Kuussaari et al. 1996; Ricklefs and Lovette 1999; Tscharntke et 
al. 2002; Debinski et al. 2001; Ricketts 2001; Schneider and Fry 2001; Soderstrom et al. 
2001; Cabeza 2003; Chardon et al. 2003; Sutcliffe et al. 2003) have been shown to influence 
butterfly diversity, abundance and presence depending on the response variable used. 
Corridors and connectivity increase exchange of butterflies and facilitate pollination 
(Tewksbury et al. 2002) between habitat patches. 
We are particularly interested in the role that small remnants of tallgrass prairie play 
in affecting the diversity of pollinators. Such sites often contain high concentrations of floral 
resources and may be particularly valuable in sustaining pollinator diversity. For example, 
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restored roadside prairies in Iowa contained twice as many habitat-sensitive butterflies as did 
weedy or grassy roadsides (Ries et al. 2001). Remnants can be categorized into two general 
shapes. Block-shaped habitats are mainly state prairie preserves which are actively managed 
with fire but vary in the extent and frequency of burning among prairies. Linear habitat 
fragments exist along roadsides, railroad rights-of-way and former rails that have been 
converted to walking trails and are generally not actively managed. 
The functional spatial scale at which pollinators actually forage is a logical place to 
begin analyses of landscape resource abundance and diversity on pollinator diversity. 
Butterfly dispersal is not random (Thomas et al. 2000; Comadt et al. 2000; Dover and Fry 
2001; Kindlmann et al. 2004; Cant et al. 2005) but rather based on environmental variables in 
the habitat and landscape. Butterflies can routinely search areas with a radius of 1-2 km for 
nectar sources or host plants (Jones et al. 1980; Harrison 1989; Thomas and Harrison 1992; 
Haddad 1999a; Comadt et al. 2001; Bergman and Landin 2002; Steffan-Dewenter et al. 
2002; Wahlberg et al. 2002; Schneider 2003; Schneider et al. 2003; Auckland et al. 2004), 
therefore we used spatial scales of 0.5-2.0 km in our studies. 
Objectives 
Our first objective was to determine how much explanatory power is gained by 
including landscape variables in our analyses compared with local habitat variables. We 
expected the addition of landscape variables to the habitat model to increase our ability to 
explain the variability in butterfly diversity and abundance between sampling sites. Others in 
similar habitat types have found landscape variables to explain very little of the variation in 
butterfly species assemblages (Jeanneret et al. 2003), however we investigated a set of 
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biologically meaningful landscape metrics such as diversity and abundance of flowering 
resources in the landscape. 
Our second objective was to document how the spatial arrangement and landscape 
floral resources affect butterfly community diversity at point locations embedded within an 
"inhospitable" landscape. We anticipated that the abundance of flowering ramets would be 
positively related to butterfly species diversity and abundance. We expected to see a stronger 
relationship between the floral resources in the landscape and butterfly diversity at block 
habitats as compared to linear habitats. By identifying landscape elements in concentric 
circles surrounding lands managed for conservation purposes, we tested for relationships 
between landscape features and butterfly diversity. In addition, we wanted to determine 
whether or not we gain more information by collecting data on the floral resources in the 
landscape as compared to readily accessible data on habitat types. 
Our final objective was to determine the diversities and abundances of butterflies and 
the relative local and landscape features that affect butterflies in linear habitats and block 
habitats. We expected that block habitat would have higher butterfly richness than linear 
habitat because of the species area relationship as well as the larger proportion of edge 
relative to area in linear habitats compared with block habitats. There is some evidence that 
suggests butterflies are more abundant in block habitats as compared to linear habitats 
(Clausen et al. 2001). 
Methods 
Study Sites 
In 2003, we sampled the butterfly communities in seven non-linear prairies (block 
habitats) and ten roadside and railroad right-of-way prairies (linear habitats). In 2004, we 
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sampled the same 17 sites as 2003, and added three block habitat sites to increase our sample 
size to 20 (Figure 1, Appendix A). All landscape units were located in the northwest quarter 
of Iowa and are remnant tallgrass prairie. The sample size of block habitats was constrained 
by our a priori qualifiers for accepting a site to sample such as a minimum size of 10 acres 
and a minimal proportion (<30%) of non-native, aggressive species at the site. The specific 
block habitats sampled represent a range of sizes (26 -160 acres) and the landscape 
surrounding them varied considerably in the relative amount of agricultural use (crop, 
pasture), preserved land, and other major landscape elements. 
At each block and linear habitat, we established two 1 OOm by 5m transects marked 
with survey flags. Transect lengths were typical of those used in previous pollinator studies 
(Ries et al. 2001; Reeder et al. 2005). Transect locations were randomly selected from 
among areas not dominated by wetland vegetation and at least 50 m from each other. All 
landscape units were located at least 2 km from each other to control for spatial 
autocorrelation. This is less than the average dispersal distance for butterflies (see 
Introduction). 
Butterfly Sampling 
In 2003 and 2004, we surveyed butterflies three times during the growing season 
(June, July, and August). During each of the three rounds of surveys, which lasted 2-3 
weeks, we surveyed each site once for butterflies. Butterfly surveys were conducted between 
0930 and 1830 hrs when temperatures were between 21° C and 35° C, sustained winds were 
below 16 km/hr and the sun was shining. Butterfly surveys were conducted by walking each 
100 m transect at a pace of 10 m/min and observing butterflies within 2.5 m on either side 
and in front of the observer (Thomas 1983). The amount of time used to handle individuals, 
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record field notes, etc., was not counted towards sampling effort. During each visit, all 
butterflies (including skippers) were counted. Butterflies were identified on the wing if 
possible; otherwise they were netted. 
Quantification of Local and Landscape Resources 
Floral resources at sites were estimated by a direct count of flowering ramets in each 
100 by 5 m transect during all rounds of butterfly sampling. Relative proportions of forbs, 
native grass, non-native grass, litter, and bare ground were estimated for each transect. 
Approximations were averaged using values from two observers after a releve of each 
transect to avoid observer bias. 
In order to identify the spatial scale at which butterflies are responding to landscape 
features, we chose to use spatially nested circular landscape buffers (i.e., larger scales include 
smaller scales, Figure 2) rather than separate landscape annular rings (i.e., concentric rings, 
independent ellipses or circles at all scales). The literature is somewhat divided as to the 
preferred approach with examples of both annular rings (Pearson 1993; Graham and Blake 
2001) and nested buffers (Bergin et al. 2000; Ribic and Sample 2001; Dauber et al. 2003). 
Because spatially nested landscapes are not statistically or biological independent, we did not 
include multiple scales in a given model but rather compared the correlation between 
butterfly assemblage and each spatial scale (see Data Analysis). 
We quantified resources in the landscape surrounding each block habitat and linear 
habitat within a 2 km radius centered in the middle of the block or linear habitat. We 
analyzed the landscape data using nested spatial scales of 0.5, 1.0, 1.5 and 2.0 km because 
different guilds of pollinators (habitat-sensitive vs. disturbance-tolerant and large-winged vs. 
small-winged) may respond to landscape features at different spatial scales (Steffan-
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Dewenter et al. 2002). We used digital color infrared orthophotographs taken in 2002 along 
with ArcMap 8.3 (Environmental Systems Research Institute 2004) to divide each landscape 
into visually distinct, homogeneous polygons. We calculated the area of each polygon and 
then used field surveys to assign each polygon to a landscape element (Table 1 ). The 
boundaries of the polygons for half of the sites were checked in 2003 and the remaining half 
in 2004 for any recent land use changes and each polygon was assigned a floral resource 
index (FRI) value of 0-5 on the basis of the richness and abundance of different nectar 
sources in the polygon (Table 2). 
Data Analysis 
Where pairs of independent variables were highly correlated (r>0.7), the variable that 
was most strongly correlated with other variables was eliminated from analyses. To maintain 
simplicity and increase explanatory power, we reduced our set of potential variables to three 
local (litter coverage, floral abundance and site size) and four landscape (distance to nearest 
polygon with FRl2'.:3, non-linear grassland coverage, road coverage and coverage of polygons 
with FRl2'.:3) variables (Table 3). Chosen landscape variables intended to be biologically 
meaningful measures of landscape configuration and composition that have the potential to 
influence butterfly species assemblages. We chose to use metrics that included FRl2'.:3 
because this is a large enough magnitude to potentially attract butterflies to a patch in the 
landscape. Landscape variables at all scales did not include the area encompassed by the 
sampling site. Arcsin square-root transformations were applied to percentage variables and 
log transformations were applied when abundance and environmental data were not normally 
distributed. Local environmental variables and butterfly response variables were averaged 
over the two years of sampling. General patterns of differences in local and landscape 
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variables between linear and block habitats were analyzed using multivariate analysis of 
variance (MANOV A). 
Butterfly habitat guilds were classified a priori based on host plant and nectar 
resources (Opler and Krizek 1984; Scott 1986; Ries et al. 2001; Shepherd 2003; Reeder et al. 
2005; Table 4). Disturbance-tolerant (DT) species survive well in agricultural settings and/or 
in urban areas and occur throughout Iowa. Habitat-sensitive (HS) species are associated with 
native prairie habitat and require conservative plants for either larval or adult resources. As a 
surrogate for mobility, we created size guilds of butterflies based on the average wing span of 
each species. Large butterflies (LG) are those with a wingspan greater than 4 cm while small 
butterflies (SM) are those with a wingspan of less than or equal to 4 cm. The cut-off for size 
guilds was based on a natural break in the distribution of all species and their respective 
wmgspan. 
For a community-based analysis, we used partial least squares (PLS) regression to 
investigate the correlation between the species abundance matrix and environmental 
variables at different spatial scales (ter Braak and Verdonschot 1995). We chose this method 
over other multivariate ordination techniques because PLS relaxes restrictions on colliniarity 
among groups of variables and is more biologically meaningful than using factor analysis 
separately on the species and environmental matrices. PLS explains the maximum 
covariation between species abundance and environmental variables at each scale. Before 
performing PLS we standardized each species abundance to a mean of zero and variance of 
one. We performed PLS for the full species matrix, disturbance-tolerant species, habitat-
sensitive species, large-winged species and small-winged species. We used XLSTAT-PLS, 
an add-in created for Microsoft Excel (Addinsoft 2005) to perform the PLS regression. 
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We used the correlation of the first X component to the first Y component at each 
scale (local, 0.5, 1.0, 1.5, and 2.0 km) from the PLS results to find the scale at which there is 
the greatest correlation. We also investigated the variable importance projection (VIP) 
values for each landscape variable at each scale to find out whether or not butterflies are 
responding to different environmental variables at different landscape scales (Johansson and 
Nilsson 2002). VIP-values quantify the influence of each predictor variable on the ability to 
explain the variation in the response variables. VIP-values greater than one are considered 
the most relevant, although this does not indicate the direction of influence (i.e. positive or 
negative). Ordination biplots were created with local and 0.5 km landscape variables in order 
to visually show the relationship of species to sites and environmental variables. We used 
prediction equations from PLS for each species in the full matrix to examine the 
predictability of species abundances given the environmental variables at local and landscape 
scales. Prediction equations were also created from the global model which included all 
environmental variables from both the local and landscape scales. 
We used partial canonical correspondence analysis (pCCA) in R-project (R 
Development Core Team 2004) to show the percent of the variation explained by local 
variables alone, landscape variables alone and the overlap of the two spatial scales for each 
landscape scale (0.5-2.0 km; Borcard et al. 1992). The percent of the variation explained is 
the ratio of the sum of the constrained eigenvalues to the sum of the unconstrained 
eigenvalues (total inertia). We first conducted a canonical correspondence analysis (CCA) 
on the local environmental variables. For each landscape scale we then conducted a series of 
constrained ordinations with each of these: one using the local environmental variables as 
covariables, one using the landscape variables as covariables and a third on the landscape 
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variables alone. This method allowed us to partition the variance explained by the local and 
landscape variables alone, the percent that is shared by the local and landscape variables, and 
the unexplained variance. 
Results 
We identified 27 species of butterflies and a total of 1057 individuals at 20 survey 
sites (Table 5). We eliminated a minimal number of woodland species (Papilio glaucus and 
Enodia anthedon) from all analyses to focus our results on grassland butterflies. Landscape 
variables were not constant in magnitude across spatial scales and differed between linear 
and block habitats (Table 6). Variables ROAD and FRI did not show a consistent pattern 
across scales whereas MINDIST increased with scale. Variable GRASS decreased with 
scale for block habitat sites but increased with scale for linear habitat sites. The MANOV A 
including local variables showed no significant differences between linear and block sites 
(df=l, Wilk's A,=0.86, p=0.26). MANOVAs oflandscape variables showed significant 
differences between linear and block sites (df=l; Wilk's A,=0.29, 0.37, 0.47, 0.48; p<0.001, 
0.003, 0.016, 0.019) at all spatial scales: 0.5, 1.0, 1.5 and 2.0 respectively. 
The correlation of the first component for the species matrix to the first component of 
each environmental matrix from the PLS regression was plotted at all scales ranging from 
local to a landscape scale of 2.0 km (Figure 3). An example of the fit of the correlation is 
shown in Figure 4 with sites plotted using values from the first component of the 0.5 km 
landscape variables against the first component of the species matrix. The scale with the 
highest correlation to the species matrix was 0.5 km, with a small range of correlation across 
scales. VIP-values for local environmental variables indicated that LITTER and SIZE are 
important predictors of butterfly abundance. VIP-values for each landscape variable were 
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plotted against all landscape scales (Figure 5). Percent road is an important predictor 
variable at all scales, while percent grassland becomes important at larger scales of 1.5 and 
2.0 km. Results of correlations and VIP-values at all spatial scales for habitat and mobility 
guilds did not demonstrate outstanding differences between guilds, therefore specific results 
are not reported here (but see Appendix B). 
Ordination diagrams derived from PLS allow us to visualize the influence of the 
environmental variables on sites, species and site shape. Given the biplot where the local 
environment variables were plotted along with the species and site scores we can infer that 
variable SIZE is strongly correlated with block habitat sites (Figure 6) because the arrow 
associated with site size points in the direction of block habitat site scores. Variables 
F ABUND and LITTER were not associated with one habitat shape over the other. Danaus 
plexippus, Papilio polyxenes, Speyeria idalia and Vanessa cardui were associated with block 
habitats. Anatrytone logan, Pholisora catullus, Polites mystic, Pieris rapae, Polites 
themistocles, and Speyeria cybele were associated with linear habitat sites when considering 
local environmental variables. 
We also created a biplot with the landscape scale at which butterfly abundance was 
most correlated with landscape variables which occurred at 0.5 km (Figure 7). Ordination 
diagrams of the 1.0-2.0 km scales were similarly organized but we choose to omit them here 
for simplicity. Variable ROAD was most associated with linear habitat sites while GRASS 
and MINDIST were most associated with block habitat sites. Speyeria idalia and 
Ancyloxypha numitor were associated with block sites. Anatrytone logan, Colias eurytheme, 
Celastrina neglecta, Pholisora catullus, Polites mystic, and Pieris rapae were associated 
with linear sites when considering landscape variables. 
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Prediction equations from PLS were evaluated by examining the R2 from plotting 
observed versus predicted abundance for each species (Table 7). The majority of the species 
responded to the local environmental variables LITTER (10 out of 13, 77%) and FABUND 
(9 out of 13, 69%) positively and SIZE (8 out of 13, 62%) negatively. Again, we only report 
landscape variables at the 0.5 km scale for simplicity. Butterflies showed mixed responses to 
all landscape variables. FRI (6 out of 10, 60%), ROAD (6 out of 10, 60%), MINDIST (5 out 
of 10, 50%) and GRASS ( 6 out of 10, 60%) were positively associated with butterfly 
abundance. 
We compared the ability to predict species abundance between local and landscape 
variables by sorting the list of species and guilds by R2 for each scale (Table 7). We are able 
to predict DT, SM and Phyciodes tharos abundance relatively well using local variables (R2 
= 0.30-0.46), but lack prediction with landscape variables. Ancyloxypha numitor, Danaus 
plexippus, and Speyeria idalia can be predicted relatively well at both scales. Speyeria 
cybele, Anatrytone logan, and Celastrina neglecta abundance can be predicted using 
landscape variables, but not local environmental variables. HS abundance cannot be 
predicted using either the local or landscape variables. Generally, species with relatively 
high R2 values for local and landscape models have high R2 values for the global model 
(Table 7). Species with low R2 values for the global model, have non-significant landscape 
models. 
Landscape variables alone explained between 19.8 and 23.4% of the variation 
depending on the scale, whereas local variables alone explained 25.3% of the variation in 
butterfly abundance at all landscape scales (Figure 8). The amount of overlap in the 
proportion of the variance explained by the local and landscape variables ranged between 0.8 
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and 5.5%, with decreasing percentage that is shared as the landscape scale increases. The 
overall percentage explained by local and landscape variables is relatively low, ranging from 
42 to 46%. 
Discussion 
Local versus Landscape 
Our results show that butterfly abundance is most highly correlated with landscape 
variables at the 0.5 km scale. This indicates that butterflies are dispersing into the landscape, 
especially at the smallest spatial scale, and although not to the same degree, butterflies are 
influenced by the landscape up to 2.0 km. Roads at all scales are a good predictor in fitting 
the PLS model. 
Contrary to our hypothesis that floral resources in the landscape would be more 
correlated with butterfly abundance compared with percent grassland, the PLS regression 
indicates that the butterfly community is responding more to the grassland than the FRI 
variable at the landscape scale. This is not to say that floral resources in the landscape are 
not important for butterflies, but rather that the grassland is more correlated with species 
abundance. From the prediction equations for individual species we can see that indeed the 
majority of species responded positively to the diversity of floral resources in the landscape 
and to a stronger degree than the grassland (Table 7). 
Understanding landscape configuration and composition added considerable 
explanatory power beyond what the local habitat variables explain. The amount of variation 
explained jointly by local and landscape variables is relatively low, suggesting that landscape 
metrics alone add additional explanation of the variation in butterfly community composition 
beyond what the local variables explain. Variance partitioning has been used in multiple 
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scales studies and some have found similar results with respect to the amount of overlap 
(Titeux et al. 2004 ), and the total percentage of variation explained by local and landscape 
variables (Chust et al. 2003; Williams and Wiser 2004). Others have found opposite results 
with high overlap between local and landscape factors (Chust et al. 2003; Miller et al. 2004; 
Williams and Wiser 2004) and where local variance explained was greater than landscape 
variance explained (Miller et al. 2004; Titeux et al. 2004). In a review, Mazerolle and 
Villard (1999) found that in general landscape variables explain a small percentage of the 
variance with respect to local environment. 
We know that butterflies immigrate to high-quality patches, which suggests they are 
either assessing patches from a distance or moving within the landscape and sampling 
(Matter and Roland 2002). Our results support the hypothesis that butterflies are making 
decisions based both on the local environmental factors and landscape factors. Additionally, 
the sphere of environmental influence for a butterfly occurs at a relatively small scale 
suggesting that butterflies are sampling the landscape immediately surrounding the prairie 
remnant. This is consistent with other studies (Jeanneret et al. 2003; Krauss et al. 2003) that 
examined scales of 200 and 250 m respectively, although these studies did not investigate 
multiple scales. Other multiscale studies found scales of 5 km to be the landscape scale most 
correlated with butterfly diversity (Bergman et al. 2004). Differences in results could be due 
to method of analysis, dispersal abilities among the butterflies in different systems and/or 
landscape composition and configuration. 
Linear versus Block Habitat 
Differences in butterfly responses between linear and block habitats were extensively 
investigated in Chapter 3. The PLS ordination diagram (Figure 6) resembles the CCA bi plot 
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from Chapter 3 (Figure 6 & 7) in that site size is correlated with block habitats. Additional 
information on landscape configuration and composition allows us to understand the 
relationships between species, sites and landscape variables and local variables using CCA in 
Chapter 3. Local biotic variables were not significantly different between linear and block 
habitats, indicating that although the butterfly community differed, this difference was 
probably not a result of difference in local variables. Landscape composition and 
configuration of floral resources, roads, and grasslands surrounding linear and block habitats 
differed significantly at all spatial scales. The landscapes surrounding linear sites have less 
percent grassland and have polygons with high floral diversity in closer proximity to the site 
than block habitat sites, whereas linear sites have higher percent road adjacent. 
Butterfly Responses 
Species responses to local and landscape variables differ remarkably as did the 
amount of variation explained at both scales. Habitat-sensitive species as a whole are 
marginally positively correlated with percent litter (especially Anatrytone logan, Cercyonis 
pegala, and Speyeria idalia) whereas disturbance-tolerant species are negatively correlated 
with litter, with some exceptions (Ancyloxypha numitor and Polites peckius). Generally, in 
order to increase habitat-sensitive butterfly abundance, a manager would want to increase or 
maintain the amount of litter. 
Small-winged and disturbance-tolerant species were negatively correlated with site 
size. This result may also be an effect of site shape on species composition because the 
linear sites are significantly smaller in size than block sites. Small sites may simply be too 
small for large butterflies (due to the limited biomass of host plants etc.). 
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Roads are highly and positively correlated with some species such as Anatrytone 
logan, Celastrina neglecta, and Pholisora catullus. A. logan is a habitat-sensitive species 
which uses grass species as hostplants and may be responding positively to roads because of 
the associated increased connectivity grassy roadsides provide. Alternatively, C. neglecta 
and P. catullus, both DT species, larvae require hostplants commonly found in roadside 
ditches (Melilotus officinalis and Chenopodium album respectively) and may be responding 
to a higher abundance of those species. Although grassland and minimum distance to the 
nearest polygon with high floral resources are associated with block habitat sites, only 
Speyeria idalia is positively correlated with the minimum distance to nearest polygon with 
high floral resources. This species is of special concern in Iowa and given these results, in 
order to increase the abundance of S. idalia, patches of habitat should be created with high 
floral diversity in close proximity to preserves. 
Contrary to our hypothesis that large-winged species would be correlated with larger 
spatial scales as compared with small-winged butterfly species, we found little difference 
between these two mobility guilds. As suggested by Cowley et al. (2001), wing size may not 
be a biological character that can be used to reflect mobility. Additionally, habitat guilds did 
not differ in which scale was most highly correlated with abundance. A lack of conclusive 
differences in responses to local and landscape factors between the guilds we examined may 
be due to small sample sizes for each guild. Alternatively, in the case of the habitat-sensitive 
guild, some of the most highly sensitive species have gone extinct locally (Schlicht and 
Orwig 1998), especially at the county wide level. The species that remain are generally more 
sensitive than the disturbance-tolerant guild, but may be able to tolerate enough disturbance 
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to not be affected differently from disturbance-tolerant species. Other habitat-sensitive 
species, such as Oarisma powesheik may just be barely hanging on in these remnant prairies. 
Limitations 
There are some limitations in our ability to predict butterfly diversity or abundance at 
any scale. The amount of variation explained is still relatively low, suggesting that there are 
additional measurable variables we could have used to better explain the variation in 
butterfly abundance. We have no data on host plant abundance. This may have helped 
predict abundance for habitat-sensitive species, especially because of their specificity for 
certain larval host plants. Others have experienced similar limitations in terms of the ability 
to explain variation in butterfly diversity (Luoto et al. 2001 ). But we can predict certain HS 
species such as Speyeria idalia, which is a species of special concern in Iowa. 
Another sampling limitation is that we surveyed adult butterflies, which tell us 
nothing about the larval stages. Sampling immature stages of butterflies would have required 
field research beyond our capabilities for this project. However, the lack of caterpillar data 
limits our ability to determine whether butterfly populations are indeed reproducing in these 
habitats. One solution to understanding the ways in which adult butterflies use linear and 
block habitats would be to study differences in behavior at linear and block habitat sites 
(Ouin et al. 2004). This method is still one step away from truly studying the reproductive 
biology of butterflies and how the local and landscape environment determines a source or 
sink population. 
The landscape variables chosen here represent the most likely environmental factors 
influencing butterfly abundance. Our results indicate it is unlikely that larger scales would 
be more highly correlated with butterfly abundance than the largest scale of2.0 km (Figure 
25 
3). Although others have found spatial scales of 5 km (Bergman et al. 2004) to be the most 
correlated with butterfly abundance, our results are consistent with an understanding of 
landscape ecological processes and dispersal patterns in the Midwestern U.S. prairie 
ecosystem. 
In order to interpret fully the mechanisms behind the correlations of each spatial scale 
to butterfly abundance patterns, we need to collect data on movement (Mazerolle and Villard 
1999). Behavioral data on movement is essential to understanding movement and dispersal 
at a scale larger than a patch (Lima and Zollner 1996). There are two studies, both of one 
species of butterfly which documented detection ability of 70 m to unfamiliar habitat and 125 
m to familiar habitat (Conradt et al. 2000) and 50 m to a suitable patch (Harrison 1989). 
Another tracking study reports a perceptual range of 100-200 m for five species of butterflies 
(Cant et al. 2005). The reason for the lack of data on dispersal and movement is the 
difficultly associated with tracking individual butterflies. Modeling may be a good 
alternative to field studies given the constraints of mark recapture studies. Sutcliffe et al. 
(2003) modeled movement of butterflies in a fragmented landscape and found that increasing 
the amount of linear features in landscapes improved movement. 
Conservation Implications 
By properly preserving and managing prairie habitat fragments, it may be possible to 
sustain a part of the pollinator community. Fire has the potential to play a major in 
influencing the type of community assemblage in these fragments. Species have specific 
requirements, but habitat-sensitive species, which are the most conservative, responded 
positively to percent litter. Litter may be a surrogate for fire intensity and increased 
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moisture, and may provide cover for overwintering larvae. Certain species such as Speyeria 
idalia and Cercyonis pegala are highly and positively correlated with litter. 
Responses of species and guilds differ drastically for different local and landscape 
variables. Assuming that the goal of management is to preserve biodiversity with a focus on 
conserving species that are sensitive to disturbance, managers should consider not only 
percent litter, but also the ability of roads to provide connectivity. Dispersal rates are lower 
in highly fragmented landscapes, indicating that connectivity and spatial configuration need 
to be taken into account (Baguette et al. 2003). Prairie restoration along roadsides, especially 
between two nearby prairie remnants has the potential to provide connectivity. Preservation 
of remnant prairie on railroad rights-of-way is essential to sustaining butterfly diversity in the 
tallgrass prairie ecosystem of the Midwestern U.S. 
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1.0 km 
Figure 2. Schematic drawing of spatially nested buffers. The center square represents the 
sampling site with the center of the site marked with a circle. Buffers at 0.5 km increments 
radiate out from the center of the sampling site. 
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Figure 3. Coefficients are plotted for the correlation between the first PLS component of the 
species matrix with the first PLS component of the environmental variable matrix at all 
scales. Correlation between the species and environment peaks at the 0.5 km landscape 
scale. All correlations are significant (p<0.001 ). 
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Figure 4. An example using the 0.5 km landscape scale of the regression with X scores from 
the first PLS component of the environmental matrix and Y scores from the first PLS 
component of the species matrix for each site. Block sites are clustered in the lower left 
comer while linear habitat sites are clustered in the upper right comer of the regression. 
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Figure 5. Variable importance projection (VIP) values from PLS regression are plotted 
against all landscape scales. Values greater than one are considered high importance. 
Proportion of road is an important variable at all scales. Proportion of the landscape that is 
grassland is important at larger scales of 1.5 and 2.0 km. 
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Butterfly species scores are denoted by abbreviations of the Latin names, see Table 4. Rare 
species were removed for clarity and ease of interpretation (Atalopedes campestirs, Euphyes 
dion, Eurema lisa, Lyceana dione, Oarisma poweshiek, Pyrugus communis, Satyrium titus, 
and Satyrodes eurydice). 
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Figure 8. Percentage of the variance in the species abundance matrix which is explained by 
each scale of environmental variables measured from the pCCA. Percent variation explained 
by local variables (25.3%) refers to the amount of variability in species composition that is 
explained by local variables alone after taking the landscape variables into account. Percent 
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species composition that is explained by landscape variables alone after taking the local 
variables into account. Local plus landscape refers to the percent variation explained by both 
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Table 2. Floral resource index (FRI) descriptors used to quantify the floral resources in each 
distinct polygon in the landscape. 
Resource 
Value 
0 
0.5 
1 
2 
3 
4 
5 
Description 
Resourceless, no forbs or < 1/1000 m and low diversity, i.e. 1-2 species 
(spp). 
Very scanty forbs or> 1/1000 m2 but< 1/100 m2 and low diversity (1-2 
spp). 
Scanty forbs or> 100 m2 but <1/m2 and low diversity (1-2 spp ). 
Either scattered forbs (~1/m2) and low diversity (1-2 spp) or scanty 
(<1/m2) forbs but more diverse (>2 spp). 
Either dense (~4-6 forb/m2) and diverse (~2-3 abundant spp) or not dense 
(2-3 forb/m2) but more diverse (3-5 abundant spp). 
Either dense ( ~4-6 forb/m2) and highly diverse (>5 species) or high density 
(>6 forbs/m2) and not so diverse (3-5 abundant spp). 
Exceptionally dense (>6 forbs/m2) and diverse (>5 spp ). 
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Table 3. Local and landscape variables and associated descriptions used in partial least 
squares regression. Each landscape variable was measured at four spatial scales (0.5, 1.0, 1.5 
and 2.0 km) from the center of each site. 
Variable Unit 
Local variables 
LITTER % 
FABUND count 
SIZE m2 
Landscape variables 
GRASS % 
ROAD % 
FRI % 
MINDI ST m 
Description 
Percent cover of litter 
Floral abundance 
Site size 
Proportion of each buffer that is non-linear grassland 
Proportion of each buffer that is road 
Proportion of each buffer with FRI 2: 3 
Distance to nearest polygon with FRI 2: 3 within each buffer 
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Table 4. Latin and common names for each species including acronym. Guild distinctions are listed for each 
species as well as total abundance and freguency of occurrences at sites. 
Habitat Size 
Latin Name Common Name Acronym Guild a Guildb NC Freq.ct 
Anatrytone logan Delaware Skipper ALOGA HS SM 22 0.50(10) 
Ancyloxypha numitor Least Skipper ANUMI DT SM 5 0.20(4) 
Atalopedes campestris Sachem Skipper A CAMP DT SM 0.05(1) 
Celastrina neglecta Summer Azure CNEGL OT SM 5 0.15(3) 
Cercyonis pegala Common Wood Nymph CPEGA HS LG 135 0.80(16) 
Colias eurytheme Orange Sulfur CEURY OT LG 132 0.90(18) 
Colias philodice Clouded Sulfur CPHIL DT LG 9 0.30(6) 
Cupido comyntas Eastern-Tailed Blue CCOMY DT SM 257 0.95(19) 
Danaus plexippus Monarch OPLEX DT LG 101 0.85(17) 
Euphyes dion Dion Skipper EDI ON HS SM 1 0.05(1) 
Eurema lisa Little Yell ow ELISA DT SM 2 0.10(2) 
Lycaena dione Gray Copper LDION HS SM 1 0.05(1) 
Oarisma poweshiek Poweshiek Skipper OPOWE HS SM 4 0.05(1) 
Papilio polyxenes Black Swallowtail PPOLY DT LG 14 0.35(7) 
Pholisora catullus Common Sootywing PCATU DT SM 7 0.15(3) 
Phyciodes tharos Pearl Crescent PT HAR OT SM 54 0.80(16) 
Pieris rapae Cabbage White PRAPA DT LG 13 0.45(9) 
Polites mystic Long Dash Skipper PMYST HS SM 67 0.50(10) 
Polites peckius Peck's Skipper PP ECK DT SM 18 0.40(8) 
Polites themistocles Tawny-Edged Skipper PTHEM DT SM 6 0.25(5) 
Pyrgus communis Checkered Skipper PCOMM DT SM 2 0.10(2) 
Satyrium titus Coral Hairstreak STITU HS SM 2 0.10(2) 
Satyrodes eurydice Eyed Brown SEURY HS LG 3 0.05(1) 
Speyeria cybele Great Spangled Fritillary SCYBE HS LG 20 0.40(8) 
Speyeria idalia Regal Fritillary SID AL HS LG 107 0.70(14) 
Vanessa atalanta Red Admiral VATAL DT LG 17 0.50(10) 
Vanessa cardui Painted Lady VCARD OT LG 52 0.80(16) 
•Hs refers to butterflies classified as habitat-sensitive whereas DT refers to disturbance-tolerant butterflies. 
bLG refers to large butterflies (wing span> 4cm), SM refers to small butterflies (wing span S: 4cm). 
c N is the total number of individuals summed over the two sampling years. 
d Frequency refers to the percentage of sites where each species occurred across two years, while the number in 
parentheses refers to the total number of sites where the species occurred across two years. 
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Table 5. Summary statistics for each species including mean, standard deviation, minimum 
and maximum abundance counts for block and linear habitats. Species abundance counts 
were summed over rounds and transects and averaged across two years of surveys. 
Block Linear 
LatinName Mean Stdev Min-Max Mean Stdev Min-Max 
Anatrytone logan 0.10 0.21 0-0.5 1.70 2.24 0-7.5 
Ancyloxypha numitor 0.25 0.63 0-2 0.10 0.21 0-0.5 
Atalopedes campestris 0.05 0.16 0-0.5 0.00 0.00 0-0 
Celastrina neglecta 0.00 0.00 0-0 0.35 0.67 0-2 
Cercyonis pegala 4.05 6.90 0-23 5.65 6.57 0-19.5 
Colias eurytheme 2.35 2.04 0-5.5 4.20 3.30 0-10.5 
Colias philodice 0.10 0.32 0-1 0.25 0.26 0-0.5 
Cupido comyntas 4.95 5.19 0-16 8.25 7.45 0.5-26 
Danaus plexippus 3.90 2.92 0-9 1.85 1.93 0-6 
Euphyes dion 0.05 0.16 0-0.5 0.00 0.00 0-0 
Eurema lisa 0.00 0.00 0-0 0.10 0.21 0-0.5 
Lycaena dione 0.00 0.00 0-0 0.05 0.16 0-0.5 
Oarisma poweshiek 0.00 0.00 0-0 0.20 0.63 0-2 
Papilio polyxenes 0.45 0.72 0-2 0.25 0.49 0-1.5 
Pholisora catullus 0.00 0.00 0-0 0.35 0.58 0-1.5 
Phyciodes tharos 1.25 1.25 0-3 1.70 1.99 0-6.5 
Pieris rapae 0.15 0.34 0-1 0.50 0.41 0-1 
Polites mystic 0.30 0.42 0-1 3.35 4.59 0-14.5 
Polites peckius 0.40 0.70 0-2 0.65 0.85 0-2.5 
Polites themistocles 0.05 0.16 0-0.5 0.25 0.35 0-1 
Pyrgus communis 0.00 0.00 0-0 0.10 0.21 0-0.5 
Satyrium titus 0.00 0.00 0-0 0.10 0.21 0-0.5 
Satyrodes eurydice 0.15 0.47 0-1.5 0.00 0.00 0-0 
Speyeria cybele 0.10 0.21 0-0.5 0.90 1.37 0-4.5 
Speyeria idalia 6.35 7.77 0.5-26 0.45 0.93 0-3 
Vanessa atalanta 0.25 0.42 0-1 0.70 1.18 0-4 
Vanessa cardui 1.75 1.74 0-5 1.00 0.85 0-3 
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Table 6. Summary statistics for all local and landscape variables for linear and block sites. 
Local environmental variables statistics are averaged over rounds and years. Landscape 
scales 1 - 4 correspond to nested buffers from 0.5 - 2.0 km. 
Block Linear 
Variable Mean Stdev Min-Max Mean Stdev Min-Max 
Local Variables 
LITTER 11.25 5.86 2.50-25.00 15.75 6.07 7.50-26.25 
SIZE 339864 226782 114322-665870 29346 20374 7899-76740 
FABUND 2640.50 2158.25 139-6210 2178.50 886.45 828-3485 
Landscape Variables 
FRI:l 0.00 0.00 0-0 0.00 0.00 0-0 
FRI:2 1.33 3.12 0-9.82 0.10 0.22 0-0.60 
FRI:3 1.27 2.10 0-6.98 0.09 0.18 0-0.56 
FRI:4 1.02 1.14 0-3.82 0.28 0.63 0-2.05 
ROAD:l 1.21 1.07 0-2.95 2.65 1.65 0.99-5.23 
ROAD:2 1.44 0.89 0.46-2.96 1.60 0.79 0.81-3.30 
ROAD:3 1.28 0.54 0.69-2.23 1.37 0.47 0.80-2.36 
ROAD:4 1.28 0.39 0.74-1.68 1.44 0.42 0.97-2.17 
MINDIST:l 203 189 0-445 73 111 0-285 
MINDIST:2 262 209 0-587 173 309 0-997 
MINDIST:3 525 446 43-1326 173 309 0-997 
MINDIST:4 525 446 43-1326 357 603 0-1841 
GRASS:l 26.86 28.13 0-62.66 2.45 2.19 0-6.76 
GRASS:2 19.97 22.43 0-59.07 4.86 3.89 0-14.05 
GRASS:3 15.80 18.78 0.36-53.68 5.17 3.60 0.76-11.04 
GRASS:4 14.19 15.17 0.33-48.54 6.14 4.70 0.62-17.24 
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CHAPTER THREE: SUSTAINING POLLINATOR DIVERSITY IN FRAGMENTED 
HABITATS: DOES HABITAT SHAPE MATTER? 
Portions of this chapter will be combined with collaborators work and submitted to 
Ecological Entomology 
Jessica D. Davis Skibbe and Diane M. Debinski 
Department of Ecology, Evolution and Organismal Biology, Iowa State University, Ames, Iowa 50011 USA 
Abstract 
Conservationists are recognizing the importance of protecting prairie remnants 
because they represent a significant amount of remaining unplowed prairie. These small but 
relatively common remnants are important from the perspective of management and aesthetic 
beauty, but also may help ensure a sustainable future for native species by providing 
important floral and larval resources for butterflies. We sampled butterflies in 2003 and 
2004 at 35 prairie remnants to examine the differences in species composition between linear 
(e.g., railroad rights-of-way) and block (e.g., prairie preserves) shaped habitats. We also 
examined the butterfly community response by partitioning effects on disturbance-tolerant 
versus habitat-sensitive guilds. Contrary to our hypothesis, results indicated that linear 
habitats have a greater total number of species and total number of disturbance-tolerant 
species than block habitats. Linear and block habitats did not significantly differ in the 
abundance of habitat-sensitive butterfly species. Correspondence analysis clearly separated 
linear from block habitats based solely on butterfly community composition. Our results 
provide evidence for mass effects, where local populations are not self-sustaining on linear 
habitats due to a decrease in species richness with increasing habitat size. From this we 
conclude that linear habitats harbor a different assemblage of butterflies than block habitats, 
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and linear habitats provide important habitat for habitat-sensitive species in Iowa, thus 
increasing the overall diversity of butterflies in Iowa. 
Keywords: butterflies, canonical correspondence analysis, habitat fragmentation, linear 
habitat, prairie, railroad right-of-way. 
Introduction 
Concern over the loss of pollinator diversity and its ecological and economic 
consequences has been growing in recent years (Buchmann and Nabhan, 1996) as 
conservationists and others have begun to focus on previously undervalued ecological 
services. The major cause of the loss of pollinator diversity throughout the world is thought 
to be habitat fragmentation (Baz & Garcia-Boyero, 1995; Steffan-Dewenter & Tschamtke, 
1999; Zschokke et al., 2000; Summerville & Crist, 2001 ). Additional causes of pollinator 
diversity loss include increased application of insecticides (Rands & Sotherton, 1986; Feber 
et al., 1997), habitat loss due to agriculture (Cane & Tepedino, 2001) and urbanization (Blair 
& Launer, 1997). Fragmentation results in a loss of floral resources that provide the food 
(nectar and pollen) for all pollinators and the loss of other important resources, such as host 
plants for butterflies which can limit butterfly populations (Schultz & Dlugosch, 1999). 
Potential consequences of pollinator declines include loss of crop yields, increased numbers 
of plant species becoming endangered and overall loss of biodiversity (Allen-Wardell et al., 
1998). 
Butterflies are often considered indicators of habitat quality because they are 
intimately tied to their larval and nectar resources needed for reproduction and survival. In 
addition to economic services, pollinators are essential to preserving the plant diversity of 
tallgrass prairie because 70-80% of the species are dependent on bees and butterflies for 
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completion of their reproductive cycle (Buchmann and Nabhan, 1996). Habitat-sensitive 
butterfly species, compared to disturbance-tolerant species are disproportionately affected by 
habitat fragmentation (Ries & Debinski, 2001; Summerville & Crist, 2001; Krauss et al., 
2003), human disturbance (Kitahara et al., 2000), fire management (Swengel, 1996, 1998; 
Swengel & Swengel, 2001), and climate change (Warren et al., 2001). 
Conservation of the remaining native prairie habitat in the Midwest is essential to 
maintaining biodiversity. Due primarily to agriculture, the tallgrass prairie biome has 
undergone dramatic fragmentation with 0.01 % of its original extent remaining as remnants 
(Samson & Knopf, 1994; Smith, 1998). Remnants are typically small and scattered across 
the landscape, often separated by great distances. This fragmented landscape separates 
prairie remnants within an inhospitable matrix, often impermeable to dispersing individuals 
(Ries & Debinski, 2001; Baguette et al., 2003). 
Remnants can be categorized into two general shapes. Block shaped habitats are 
mainly state prairie preserves which are actively managed by the county officials with fire 
but vary in the extent and frequency of burning. Linear habitat fragments exist along 
roadsides, railroad rights-of-way and former rails that have been converted to walking trails 
and are generally not actively managed. Linear habitats have the potential to provide 
connectivity in fragmented landscapes (Forman & Alexander, 1998). In recent years, there 
has been increased evidence that butterflies use linear features such as agricultural grass 
waterways (Reeder et al., 2005), green lanes or two-tracks (Dover et al., 1997; Dover et al., 
2000; Croxton, 2005), agricultural field margins or hedgerows (Dover, 1989, 1994, 1996, 
1997; Dennis & Fry, 1992; Feber et al., 1994; Fry & Robson, 1994; Feber et al., 1996; Dover 
et al., 1997; Feber et al., 1997; Ouin & Burel, 2002), and road verges or rights-of-way 
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(Munguira & Thomas, 1992; Arjenne et al., 1998; Ries et al., 2001); whereas other habitats 
such as railroad rights-of-way have been relatively ignored. Railroad rights-of-way are 
generally larger in area than some of these other linear habitat types (Dover, 1994). 
Local environmental variables have been shown to affect butterfly diversity. Local 
variables such as nectar abundance (Feber et al., 1996; Steffan-Dewenter & Tscharntke, 
1997; Clausen et al., 2001; Pywell et al., 2004), width of non-crop habitat (Dover, 1996; 
Clausen et al., 2001; Reeder et al., 2005), shelter (Dover, 1996; Dover et al., 1997; Pywell, et 
al., 2004), larval host plant presence (Pywell et al., 2004) and adjacent land use (Sparks & 
Parish, 1995) all play an important role in understanding butterfly diversity. 
Our first objective was to quantify butterfly diversity in linear habitats compared with 
block habitats. We expected that block habitats to exhibit higher butterfly species richness 
than linear habitats because of larger proportion of edge relative to area in linear compared 
with block habitats. Additionally, because our block habitats are larger than our linear 
habitats we expected higher species richness on block habitats due to the species area 
relationship. Our second objective was to create predictive models for two groups of 
butterfly species (habitat-sensitive versus disturbance-tolerant), using local environmental 
variables. We hypothesized that the two groups would respond to environmental variables 
and could be managed by focusing on the local variables which maximize diversity. We 
tested these hypotheses by surveying butterflies and local environmental variables in linear 
and block habitats over two years. 
Methods 
Sampling Sites 
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In 2003 and 2004, we sampled the butterfly communities in 10 block habitats and 25 
linear habitats (Fig. 1 ). All sample sites were located in the northwest quarter of Iowa and 
were tall grass prairie remnants. The sample size of block habitats was constrained by our a 
priori criteria for defining block habitats. These criteria included a minimum size of 10 acres 
and a minimal proportion of non-native, aggressive plant species at the site. The blocks 
sampled represented a wide range of sizes (26 -160 acres). Criteria for linear habitats 
included a minimal proportion of non-native, aggressive plant species at the site, at least 300 
min length and no wider than 30m. 
At each block and linear habitat we established two 1 OOm by Sm transects marked 
with survey flags every 10 m. Transect lengths were typical of those used in previous 
pollinator studies (Mahady, 1999; Ries et al., 2001; Shepherd, 2003; Reeder et al., 2005). 
Transect locations were randomly selected from areas within our sites not dominated by 
wetland or non-native vegetation and at least 50 m from each other to minimize repeat 
sightings of the same individual butterfly. 
Butterfly Sampling 
In 2003 and 2004, we conducted three butterfly sampling surveys during the growing 
season (June, July, and August). During each of the three rounds, which lasted two to three 
weeks, we surveyed each site once for butterflies. Butterfly surveys were conducted between 
0930 and 1830 hrs when temperatures were between 21° C and 35° C, sustained winds were 
below 16 km/hr, and the sun was shining. Butterfly surveys were conducted by walking each 
lOOm transect at a pace of 10 m/min and observing butterflies within 2.5 m on either side and 
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in front of the observer (Thomas, 1983). The amount of time used to handle butterflies, 
record field notes, etc., was not counted towards sampling eff?rt. During each visit, all 
butterflies (including skippers) were counted. Butterflies were identified on the wing if 
possible; otherwise they were netted. Vouchers were collected when necessary for 
identification. 
Local vegetation data were collected at varying times throughout the season. Floral 
abundance was estimated by counting the number of currently blooming flowering ramets 
within the butterfly transect and identifying each to the species level. We estimated floral 
abundance after each round of butterfly surveys. Vegetation composition was measured once 
per year during the final round of butterfly surveys. Relative proportions of forbs, native 
grass, non-native grass, litter, and bare ground were estimated for each transect. Percentages 
were averaged for each transect using values from two observers after a releve of each 
transect to minimize observer bias. 
Data Analysis 
For all analyses, we classified butterflies as disturbance-tolerant (DT) or habitat-
sensitive (HS) a priori using information on host plant, nectar source, and habitat specificity 
(Opler & Krizek, 1984; Scott, 1986; Panzer et al., 1995; Ries et al. 2001; Shepherd, 2003; 
Reeder et al., 2005). DT species survive well in an agricultural setting and/or in urban areas, 
have wide resource niches and occur throughout Iowa. HS species are associated with native 
prairie habitat, require conservative plants or plants that grow in specific, undisturbed areas 
for either larval or adult resources, and are generally intolerant to disturbance (Tables 1 & 2). 
To maintain simplicity and increase explanatory power, we reduced our set of 
potential variables by eliminating highly correlated variables (r>0.7). Uncorrelated variables 
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included the percentage coverage of litter, the percentage coverage of native grass, floral 
abundance, floral richness, and site size. For all analyses, the response variable was either 
the total number of species (richness) or the total abundance of butterflies. These responses 
were calculated separately for DT, HS, and all species combined. Butterfly abundance was 
summed over rounds and averaged across years. Analysis of variance (ANOVA) was used to 
examine the differences in response variables and environmental variables between linear 
and block sites. We performed an analysis of covariance (ANCOVA) to test for significant 
interactions between site shape and environmental variables in predicting butterfly responses 
by adding shape (block versus linear) as a categorical variable. 
We used multiple linear regression with PROC REG in SAS® 8.2 (SAS Institute 
1999) to build a set of candidate models with the five local environmental variables using 
total abundance, richness, HS abundance, and DT abundance as response variables. We used 
an information theoretic approach to compare models including all possible combinations of 
local variables using Akaike's Information Criterion adjusting for small sample size (AICc; 
Burnham and Anderson, 2002). We calculated AICc values for all models and chose the 
"best" model based on the lowest AICc. Competing models were those which had an AICc of 
less than two unit deviations from the "best" model. To investigate the effects of site shape 
on each butterfly response variable described above, a binomial variable indicating site shape 
was forced into the "best" model and AICc values were calculated. Models for which the 
response variable was the total number of species included the total number of floral species 
as the FLORAL variable. Models for which the response variable was abundance (HS, DT, 
and total) included the total abundance of floral species as the FLORAL variable. 
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Additional multivariate analyses were conducted to investigate the differences in 
community composition between linear and block habitats. Correspondence analysis (CA) 
was used to identify differences in species assemblage between linear and block habitat sites 
(ter Braak, 1995). We complemented the CA analysis with canonical correspondence 
analysis (CCA) to identify which environmental variables were most associated with our two 
habitat shapes and individual species (ter Braak, 1986). CCA ordinates species along axes 
which are constrained to be linear combinations of environmental variables. The resulting 
biplot displays the relationship between the abundance of individual species, sites, and 
environmental variables. The position of site scores relative to vectors indicates the 
environmental characteristics of the site. Vectors pointing in the same direction are 
positively correlated while vectors pointing in opposite directions are negatively correlated. 
All ordinations were performed in the R-project (R Development Core Team 2004) using 
function "cca" from the VEGAN library. Discriminate analysis (DA) using JMP® 5.1 (JMP 
2002) was used to identify the predictability of classifying a site as linear or block based on 
the species composition. We eliminated rare species (<15% frequency across all sites, over 
two years of surveys) from this analysis because of biases associated with such data. 
Results 
We surveyed 1965 individual butterflies of 35 species (Table 1 ). We eliminated 
woodland species (Papilio glaucus, Limenitis arthemis and Enodia anthedon) from our 
analyses in order to focus our results on grassland butterflies. Butterflies were most 
abundant during round three of surveying in both 2003 and 2004. There were no significant 
differences between years for any butterfly response variable when all environmental 
variables were included. The total number of species was significantly greater in linear 
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habitat sites compared with that of block habitat sites (F1,33=14.01, p=0.001; Table 2) as was 
the total number of disturbance-tolerant species (F 1,33= 13.01, p=0.001; Table 2). Additional 
response variables tested were not significantly different between linear and block habitat 
sites (total abundance: F1,33=1.30, p>0.05; DT abundance: F1,33=2.47, p>0.05; HS abundance: 
Fi,33=0.32, p>0.05; and total num~er of HS species F1,33=1.65; p>0.05; Table 2). Local biotic 
environmental variables were not significantly different between linear and block habitat 
sites (percent litter: F1,33=0.85, p>0.05; floral abundance: F1,33=0.31, p>0.05; Table 2). 
ANCOV As showed no significant interactions between habitat shape and local 
environmental variables for all butterfly response variables indicating that butterflies did not 
differ in their response to environmental variables between linear and block habitats. 
Multiple linear regression using AICc to select the best model(s) among all possible 
models resulted in many candidate models for each butterfly response variable (Table 3). 
Total butterfly abundance was not explained by any of the possible models better than the 
model including the intercept alone. In the four candidate models where HS abundance was 
the response variable, butterflies responded positively to percentage litter and percentage 
native grass but negatively to floral abundance. In models where DT abundance was the 
response variable, butterflies responded negatively to percentage litter and positively to floral 
abundance. Total butterfly species richness showed a negative relationship with site size. 
For all candidate models, the adjusted-R2 is relatively low ranging from 0.17 to 0.25 (Table 
3). Thus, the environmental variables we measured explain a low proportion of the variance 
in the response variables measured. 
Because there were many candidate models among all possible models, we choose to 
report the variable importance which is the sum of the model weights for all models where 
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each variable occurs (Burnham & Anderson, 2002:167-169; Table 4). Akaike weights and 
variable importance values range from 0 to 1. Floral abundance was the most important 
variable for DT abundance. Litter was the most important variable for HS abundance. Site 
size was the most important variable for the total number of butterfly species. Native grass 
was not the most important variable in any of the models tested. 
Adding site shape (linear vs. block) into the best model for each response variable 
resulted in a variety of outcomes. When site shape was added to the best DT model, the 
resulting model had a t1AICc value of 0.18 compared to the best model. Adding site shape as 
a variable in the best HS model, this new model had a t1AICc value of 1.19 compared to the 
best model. Although adding site shape in the DT and HS models did not improve the best 
model, they are considered competing models (t1AICc<2). Alternatively, when site shape 
was added as a variable to the best species richness model, the resulting model (AICc=64.21, 
Adj-R2=0.26) was 2.14 t1AICc below the best model from the set of models only including 
environmental variables. 
We presented ordination biplots with species scores and site scores on separate 
figures for clarity. Correspondence analysis showed good separation of linear and block sites 
based on species composition alone with minimal overlap (Figs. 2 & 3). CAI explained 
18.73% of the variation in butterfly assemblage while CA2 explained 13.95%. Canonical 
correspondence analysis shows a similar configuration of site scores in two dimensions as the 
CA (Figs. 4 & 5). The first two axes in the CCA accounted for 18.76% of the variation in the 
community composition. The pattern of separation of block and linear sites was related to 
site size, but not floral abundance, percent litter or percent native grass. Site size was 
correlated with block sites. Litter and floral abundance are negatively correlated indicated by 
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the arrows for the variables pointing opposite directions of each other. Species associated 
with linear and block habitat sites are easily visualized in both the CA and CCA ordination 
plots (Figs. 3 & 5). Speyeria idalia is the only species that was associated with block habitat 
sites. Many species were associated with linear sites, but the most strongly associated with 
the region of canonical space occupied by the linear site scores were Anatrytone logan, 
Oarisma poweshiek, and Polites mystic. Discriminant analysis separated block from linear 
sites based on the species composition of ten butterflies (Table 5) with a misclassification 
rate of2.86%. 
Discussion 
Linear versus Block 
Multivariate analyses clearly separate linear from block habitats based on species 
composition alone, thus suggesting that butterfly assemblages differ between linear and block 
habitats. Even more surprisingly, linear habitats exhibited higher species richness compared 
with block habitats. This inflated richness is driven primarily by DT richness being higher in 
linear habitats compared with block habitats. The univariate analyses corroborate the 
ordination results, indicating that although some HS species are associated with linear 
habitats, nearly all DT species are associated with linear habitats. 
Communities do not exist in isolation. Instead, there are mechanisms that produce 
the "point diversity" measured at a fine-scale sampling location. One potential mechanism 
for inflated diversity at a point in the landscape is mass effects (Shmida & Wilson, 1985; 
Auerbach & Shmida, 1987; Kunin, 1998). The results of these effects produce local sink 
populations (Pulliam, 1988) that are not self-sustaining. 
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Two of our results suggest a pattern of mass effects in these prairie fragments. First, 
there are more species in linear fragments compared with block shaped habitats. By means 
of their elongate shape, linear fragments transverse a broader variety of habitat types than 
block habitats. This mass effect or spillover effect in fine-grained landscapes has been 
shown with butterflies in other systems (Debinski et al., 2001; Schneider & Fry, 2001 ), but 
not for linear habitats. The second observed pattern was that species richness decreased with 
habitat size and has been demonstrated for other species (Debinski & Holt, 2000). 
The question of whether or not linear habitats provide source or sink habitat is 
essential to understanding how to sustain butterfly diversity, especially in the highly 
fragmented Midwestern prairie ecosystems. If linear habitats are sinks, by planting more 
roadsides with native vegetation, sources may become lost in a landscape full of sinks, 
causing pollinator populations to decline even further. Because we do not have data on 
reproductive success and given the difficultly associated with collecting data on butterflies in 
larval stages, we cannot say for sure that linear sites are sinks. 
Other negative factors of roadsides such as mortality due to automobile traffic (Ries 
et al., 2001) and pesticide drift and/or direct spraying on agricultural buffer strips, roadsides, 
and railroad rights-of-way (Davis et al., 1991) may outweight the benefits prairie plantings 
and remnants provide. Benefits of roadside fragments include providing essential resources 
such as nectar and host plants and increased connectivity between relatively larger prairie 
preserves. Critical questions therefore include: how are butterflies using the roadsides and do 
the benefits of roadside prairie fragments outweight the ecological costs? Ifwe want to 
understand how species respond to linear strips or how butterflies perceive linear habitats, we 
need to measure behavior and specifically movement (Bennett, 1992). 
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Contrary to our hypothesis, we found that HS species are not more abundant in block 
habitats compared with linear habitats. This result agrees with the study by Ries et al. 
(2001 ), which found the same result comparing restored linear prairie habitats to block 
prairie habitats in Iowa. Lumping species into guilds may not be the best solution to 
understanding community composition in prairie fragments. The underlying mechanism 
behind our hypothesis was that linear habitats are more disturbed compared with block 
habitats and while this may still hold true, butterflies may not be responding to the 
disturbance. All disturbances are not created equally and thus some may be more important 
to understanding butterfly diversity than others. HS species may not be as sensitive to 
disturbance as we expected. 
Community analyses of butterfly assemblages and discriminant analysis allow us to 
pull out individual species that are most abundant in linear and block habitats. Speyeria 
idalia, a species of special concern in Iowa, was most abundant on block habitats. From this 
we conclude that because block habitats were correlated with site size, S. idalia require large 
blocks of habitat. Many more species were correlated with linear habitats than block. Three 
species that were highly correlated with linear habitats were Oarisma poweshiek, Polites 
mystic, and Anatrytone logan, suggesting that these small skipper species prefer or can 
tolerate small patches of prairie. 
After matching up the local environmental variables among linear and block sites by 
using model selection to get the "best" model and then forcing site shape into the model, we 
found that the site shape helps explain the number of species better than with local variables 
alone. Our ability to predict species richness and butterfly assemblage is still relatively low, 
suggesting that some factors affecting richness are missing in our analyses. Potential factors 
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include presence of host plants, landscape level composition and configuration, and historical 
landuse. Future research should investigate these larger spatial-scale patterns and processes 
and their effects on butterfly diversity on remnant prairies. 
Environmental Factors 
HS and DT groups responded differentially to local environmental factors such as 
litter. HS abundance was positively correlated with litter while DT abundance was 
negatively correlated with percent litter. In terms of management decisions, varying the 
amount of litter will produce opposite effects on abundance of DT and HS species. These 
data and results from others (Swengel 1996) suggest that by decreasing the frequency and 
intensity of prescribed fires, managers could increase the diversity of HS species on prairie 
remnants. 
DT and HS guilds had opposite responses to floral abundance; DT species were 
positively correlated with floral abundance and HS species were negatively correlated with 
floral abundance. Perhaps this is not surprising given the results of the CCA where percent 
litter was negatively correlated with floral abundance and given the responses of habitat 
guilds to percent litter as described above. Litter and floral abundance may be negatively 
correlated due to the affects of fire. The burning of plant litter can increase soil fertility, and 
can increase floral abundance in the tallgrass prairie ecosystem. Perhaps HS species simply 
do not survive when fire occurs. This may produce a spurious negative relationship with 
floral abundance, but the result is simply an artifact of correlation. 
Conservation Implications 
To enhance pollinator diversity, conservation and restoration efforts need to include 
environmental factors such as litter and floral abundance (Cane & Tepedino, 2001). 
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Although butterflies need floral resources to survive, there is still debate about the effects of 
fire as a management tool on butterfly survival in prairie fragments (Panzer & Schwartz, 
2000; Swengel, 2001; Swengel & Swengel, 2001; Panzer, 2002; Bowles et al., 2003). 
Differences in these results may be due to differences in butterfly species composition, 
spatial, and temporal scales. For example, some sites may not include extirpated species 
which were sensitive to fire whereas other regions still support fire sensitive species. Spatial 
heterogeneity, fire units and timing of fire regimes may affect survival oflarvae and eggs in 
the litter layer. 
We have shown that linear habitats harbor a different assemblage of butterflies than 
block habitats and provide important habitat for habitat-sensitive species in Iowa. Prairie 
fragments along railroad rights-of-way constitute a large proportion of native prairie habitat 
in Iowa and provide the native floral resources for butterflies. These linear strips of habitat 
should be protected due to the increased danger of weedy encroachment from nearby 
agricultural fields given the high perimeter to area ratio. Railroad rights-of-way have also 
been shown to be dispersal corridors for grassland plant species (Tikka et al., 2001), which is 
an important step in attaining the goal of sustaining pollinator diversity. What may be relict 
populations of state endangered species such as Oarisma powesheik and Coenonympha tullia 
were found on railroad rights-of-way, but have not been seen elsewhere in Iowa for many 
years; therefore such habitats should be protected. 
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Table 3. "Best" linear regression models using AI Cc with local variables. Only models 
where the ~AI Cc is less than 2 are presented. Plus and minus signs refer to the direction of 
the relationship. 
Environmental Variablesc 
Adj R-
Response Ka squareb ~AI Cc FLORAL NATIVE SIZE LITTER 
HS Abundance 3 0.24 0.00 + + 
2 0.20 0.68 + 
3 0.22 0.77 + 
4 0.25 1.02 + + 
DT Abundance 4 0.26 0.00 + 
3 0.20 0.16 + 
2 0.19 0.32 + 
3 0.21 0.76 + 
3 0.19 1.57 
Total richness 2 0.18 0.00 
3 0.19 0.88 + 
3 0.18 1.38 + 
3 0.17 1.61 
aK refers to the number of parameters in the regression model. 
bR-square values are adjusted for the number of parameters in the model. 
cEnvironmental variable FLORAL corresponds to floral abundance in the habitat-sensitive 
(HS) and disturbance-tolerant (DT) abundance models and floral richness in the species 
richness model. NATIVE refers to percent coverage of native grass. SIZE refers to total size 
size. LITTER refers to percent coverage of litter. 
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Table 4. Variable importance values using multimodel inference and model selection for 
each response variable. Values are summed Akaike weights across all possible linear 
regression models where the environmental variable is included as a parameter. 
Variable Importance 
Response FLORAL NATIVE SIZE LITTER 
HS Abundance 0.48 0.52 0.26 0.87 
DT Abundance 0.82 0.22 0.57 0.56 
Total Richness 0.30 0.31 0.95 0.39 
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Table 5. Species listed in order of selection in a forward stepwise discriminate analysis of all 
species with greater than 10 occurrences. With these ten species there was a 
misclassification rate of 2.86% (one block site was misclassified as linear). 
1. Speyeria idalia 
2. Danaus plexippus 
3. Speyeria cybele 
4. Pieris rapae 
5. Cercyonis pegala 
6. Pholisora catullus 
7. Papilio polyxenes 
8. Polites mystic 
9. Coli as philodice 
10. Colias eurytheme 
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CHAPTER FOUR: GENERAL CONCLUSIONS 
Butterflies are receiving more attention as wildlife species as the token invertebrate in 
wildlife management plans. The ecosystem services are often overlooked as a benefit of 
sustaining butterfly diversity. Being one of the "forgotten pollinators", this is not too 
surprising. However, their services should not be overlooked, but rather used as additional 
support for research on butterfly ecology. Identifying the factors that regulate the diversity 
of pollinators at a site and understanding the landscape scale at which they function is 
essential in understanding how changes in land use patterns will alter the efficacy of this 
important ecological service. In this thesis I have outlined the effects of two scales on 
butterfly diversity; the local habitat and the larger landscape spatial scale. From such 
information I was able to develop predictive models that are useful in guiding development 
in landscapes where sensitivity to pollinator services is important because of economic 
considerations. 
Local habitat management appears to have a profound effect on butterfly community 
structure. Percent litter can be directly attributed to fire intensity and can have either positive 
or negative impacts on butterfly abundance depending on the habitat guild. Habitat-sensitive 
species may be disproportionately negatively affected by fire. If the goal of wildlife 
management is to focus attention to species that are sensitive to disturbance, then when fire is 
used as a management tool, leaving refugia for butterfly larvae that may be killed by fire may 
help sustain habitat-sensitive populations. 
If a manager's goal is to increase the butterfly diversity at a fine-scale, not only do 
they need to manage at this small scale, but they need to look to the broader spatial features, 
especially in the immediate landscape vicinity. Road was highly correlated with butterfly 
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diversity and is a measure of landscape connectivity. This suggests that adding linear habitat 
suitable for butterflies that connects remnants may enhance butterfly movement and 
diversity. 
I attempted to better understand some of the methods used by landscape ecologists to 
answer the question: What are the landscape effects at multiple scales? There are a number 
of approaches to answering this question. One approach is to analyze annular rings in a 
hierarchical manner allowing for ease of interpretability. This method assumes that in order 
for an environmental variable to be significant at a given scale the smaller rings are 
significant as well. This hierarchical approach starting with the smallest annular ring and 
working out is unfruitful because there may be an interaction between the smaller and larger 
scales that one would miss. A second approach is to use factor analysis with the landscape 
variables for each annular ring to reduce the number of variables (Pearson 1993). This 
approach is less than desirable when attempting to interpret the loadings on each of the 
factors when in conjunction with additional multivariate analyses (Palmer 1993). A final 
approach, the one used in this thesis, is to analyze spatially nested buffers using multivariate 
analyses to avoid problems with statistical multicollinarity and biological correlation. 
In Chapter 2 I used partial least squares (PLS) regression to answer questions about 
community composition and the relative correlations with local and landscape environmental 
variables at multiple spatial scales. PLS is rarely used in ecological studies (but see 
Heikkinen 1996; Zhang 1998; Malmqvist and Hoffsten 2000; Johansson and Nilsson 2002), 
but offers new insights into analysis of multiple scales because of the ability to incorporate 
correlated variables and to have fewer observations than predictor variables. Additionally, 
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partial canonical correspondence analysis answered questions about the percent variation 
explained by both local and landscape scales. 
Linear strips provide habitat for butterflies and have the potential to provide 
connectivity or stepping stones between larger prairie preserves in this fragmented landscape. 
In order to complete the entire picture, more research needs to be conducted on movement of 
butterflies in the landscape. Research on population dynamics including reproductive 
success is an important missing piece of the entire puzzle. These types of questions have 
proven to be difficult to answer because butterflies live for such a short time span making 
individuals difficult to track and because of their cryptic larval stages. 
Railroad rights-of-way are important linear prairie remnants in a highly fragmented 
landscape. Two state listed species ( Oarisma powesheik and Coenonympha tullia) were 
sampled on a linear site, and although the Poweshiek Skipper has in the past been relatively 
abundant on at least on of the block habitats sampled (Schlicht D. personal comm.), neither 
was ever sampled at a block site in two years. To the best of our knowledge, 18 of the 25 
linear sites we sampled are not protected or even acknowledged by the state Department of 
Natural Resources, County Conservation Boards or railroad companies as high quality 
remnant prairie. Therefore opportunities exist to protect these small fragments as my results 
indicate that railroad rights-of-way harbor a distinct butterfly community and should not be 
overlooked. 
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APPENDIX A. LOCATION OF STUDY SITES USED IN 2003 AND 2004 
Site Townshi]2 Range County Site Sha12e 
Anderson* T-lOON R-34W sect.33 Emmet Block 
Armstrong T-99N R-31 W sect. 13 Emmet Linear 
Blairsburg T-89N R-24W sect. 36 Hamilton Linear 
Cayler* T-99N R-37W sect. 8 & 17 Dickinson Block 
Cylinder T-96N R-31 W sect. 31 SE 1!i Palo Alto Linear 
Doolittle* T-85N R-23W sect. 24 & 25 Story Block 
Estherville* T-lOON R-34W sect. 5 Emmet Linear 
Everly T-96N R-38W sect. 2 & 3 Clay Linear 
Fields T-lOON R-41W sect. 9NW1!i Osceola Linear 
Fonda* T-90N R-34W sect. 19 Pocahontas Linear 
Gilbert T-84W R-24W sect. 16 Story Linear 
Heart T-82N R-24W sect. 29 Story Linear 
Hubbard* T-86N R-22W sect. 26 SE 1!i Hardin Linear 
Hubbard2 T-86N R-21Wsect32 Hardin Linear 
Kalsow* T-90N R-32W sect. 36 NE 1!i Pocahontas Block 
Kamrar T-87N R-25W sect. I & 2 Hamilton Linear 
Kirchner* T-97N R-36W sect 24 SE 1!i Clay Block 
Lee T-82N R-24W sect. 27 Story Linear 
Maple* T-99N R-32W sect. 15 Emmet Linear 
Milford T-99N R-36W sect. 31 Dickinson Linear 
Moeckly* T-81N R-24W sect 32NE1!i Polk Block 
Mori* T-97N R-38W sect. 2 SW 1i4 Clay Block 
Paullina* T-94N R-41W sect. 1 & 2 O'Brien Linear 
Prairie* T-85N R-21 W sect. 20 NE 1!4 Story Linear 
Randall T-86N R-24W sect. 26 & 35 Hamilton Linear 
Ruthven T-96N R-34W sect. 16 Palo Alto Linear 
Sibley T-99N R-42W sect. 1 SE 1!i Osceola Linear 
Spirit T-lOON R-37W sect. 35NW1!i Dickinson Linear 
Steele* T-93N R-40W sect. 16 NW 1!i Cherokee Block 
Stinson* T-95N R-30W sect. 13 Kossuth Block 
Superior* T-lOON R-35W sect. 32 & 33 Dickinson Linear 
Webster* T-26N R-88W sect. 5 & 6 Hamilton Linear 
Williams* T-89N R-23W sect. 29 SE 1!i Hamilton Linear 
Wolters* T-99N R-40W sect. & NE 1i4 Osceola Block 
Yellow* T-1 OON R-41 W sect. 32 NW 1!i Osceola Linear 
* sites with an asterisk were used in our study on landscape effects from Chapter 2. 
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APPENDIX B. RESULTS OF PARTIAL LEAST SQUARES DATA ANALYSES ON 
BUTTERFLY GUILDS 
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Figure Bl. Coefficients are plotted for the correlation between the species matrix and each 
environmental matrix at all scales. All correlations are significant (p<0.001). Correlation 
coefficients for habitat-sensitive and disturbance-tolerant species abundance against 
environmental matrices with the peak at 1.0 km (a). DT and HS species abundance are most 
correlated with the 0.5 km spatial scale and both correlations decreased with increasing scale. 
Correlation coefficients for large-winged and small-winged species abundance against 
environmental matrices with the peak at 0.5 km (b). SM butterfly abundance was most 
correlated with the 1.0 km landscape scale while LG species abundance was most correlated 
with the 0.5 km scale 
2.0 
1.5 
p.. 
I >1.o 
0.5 
(a) 
I~ 
I 
I $1.o . 
0.5 
93 
0.5 1.0 1.5 2.0 
Scale (km) 
• ,,,. , " .... ,.,,,,mmm,,~~""" ••• • ~~'~'~"'"~""".,,""" • •••• ••••••••" '••" ••••••••••••••••••••••••••••••••••• " " •• • •••••• • •• """"""""""""""~"'"''"'- ,,,,.,,,,,,,,,.,,,.,,.,,,,,,,,,,,,.,,,,.,,,,,,,,,,,,,,,1 
! 
I , 
------------------------~ I 
I : 
l 
I 
I o.o -+-----r-----r----r------i I 
L _____ o._5 ____ 1~.o Scale (km) 1.5 ____ 2_.o __ ~ 
(b) 
Figure B2. Variable importance projection (VIP) values at each landscape scale and all four 
landscape variables were calculated using partial least squares (PLS) regression. VIP-values 
were plotted at each scale for habitat-sensitive (HS) species (a). ROAD was an important 
predictor of HS abundance at all scales. MINDIST predicted HS abundance at the 0.5 km 
scale while GRASS and FRI predicted HS abundance at scales of 1.5 to 2.0 km. VIP-values 
were plotted at each scale for disturbance-tolerant (DT) species (b ). DT species were 
predicted at all scales by ROAD. GRASS predicted DT species at scales of 1.5 to 2.0 km. 
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Figure B3. Variable importance projection values for each landscape scale and all four 
landscape variables. Large (LG) species abundance matrix was used in PLS and resulting 
VIP-values are plotted for each scale (a). Variable MINDIST predicted LG species at 0.5 to 
1.5 km scales. ROAD predicted LG butterflies at 1.0 and 2.0 km scales. FRI predicted LG 
abundance at the 0.5 km scale. GRASS predicted LG species at the 2.0 km scale. Small 
(SM) species abundance matrix was used in PLS and resulting VIP-values are plotted for 
each scale (b ). Variable ROAD predicted SM butterflies at all landscape scales. GRASS 
predicted SM butterflies at scales of 1.5 and 2.0 km. 
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